Abstract
A c c e p t e d M a n u s c r i p t in character, it is usually essential to isolate individual phases for analysis of 14 size, shape and/or distribution in order to input this information into property formed manually [4, 5] . The conjecture is that if enough micrographs can be 22 captured and enough precipitates can be characterized, the shape statistics will 23 yield good feature descriptors that can then be used in whatever classification 24 or regression tasks that need to be addressed.
25
The examples in this paper are of nickel-based superalloys. For these alloys, 26 it is desirable to develop heat treatment cycles to adjust precipitate shapes for 27 optimization of mechanical properties [4] . A unique feature of this class of alloys 28 is the tendency for the precipitates to undergo directional coarsening during the 29 application of external stresses at elevated temperatures [6], a process known as
30
"rafting". In both cases, measuring the shape of the microstructural precipitates 31 can provide important insights on alloy design and mechanical properties.
32
The problem with this measurement is that the segmentations are rarely 33 trivial. Especially across data sets, but even within datasets, it can be very dif-34 ficult to parameterize a segmentation algorithm to produce consistent results.
35
Because the segmentation parameterization can strongly influence the shape 36 statistics and because producing high quality segmentation often requires ex-37 tensive fine tuning of segmentation parameters, it is difficult to argue that the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t segmentation have recently been employed, including N-point statistics [23, 24] 90 and SIFT [25] For image F with Gaussian kernel G, the gradient at each point, f ij , is given 113 by ∇ (G * F ) ij . f ij is a vector with magnitude |f ij | and angle f ij . To build 114 the histogram over angles, if each bin center is denoted as θ k with radius δ, then 115 the value of the histogram W at that bin center is given by Table 1 .
132
We can compare how circular the precipitates in the two microstructures are Table 2 .
142
It is conceivable that the HOG feature descriptor could be employed to assess 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t has only two strong peaks and there is a single large moment of inertia and two 212 smaller ones for the spherical HOG object. Figure 6 shows volume renderings of 213 these two types of rafting that come from simulations done by Wang [29] . Table   214 5 shows the moment analysis of these experiments which reflects the behavior 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t were repeated for a vertical shearing distortion of the same length in pixels as 242 the horizontal distortion. For each distortion, the feature descriptors given in 243 Table 2 and Table 3 descriptors that discriminate between images are frequently a factor of five or 249 more different (as is indeed the case in Table 2 and Table 3 ).
250
For the 3D simulated data set in Figure 5 , a similar set of shear distortions
251
(up to five percent) were tested. For the columnar microstructure, the distortion 252 direction was chosen to be perpendicular to the length of the columns (so the 253 columns leaned to one side) and for the layered microstructure the distortion 254 direction was chosen in the normal direction of the layers (so the layers were no 255 longer level). For each level of distortion, the moments given in Table 5 were it is easy to compute and is more robust to common noise sources in electron 267 microscopy techniques and can be applied in a number of interesting applications 268 in both 2D and 3D datasets. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t
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270
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